
ADI-A 122 8I9 A TOTAL COST ANALYSIS OF USING SURFACE TRANSPORTATION
A ND ADDITIONAL INVE..(U) AIR FORCE INST OF TECH

WRIGHT-PAT TERSON AFB OH SCHOOL OF SYST.

UNCLASSIFIED E LDAVIS ET AL SEP 82 AFI SRRT R



I i1.0 2
I 1111112.2

1(R O ' l SOL LITION 11 SI I.j I



A TOTAL COST ANALYSIS OF USING SURFACE

A RAN'SORTATION AND ADDITIONAL

NTORY VERSUS AIR TRANS?O.TA::ON
TO S,,. :.. 7-!30- '7 ....

Ernest L. Davis, 7aan,' USAF
William Simmcns, Captain, USAF

LSSR 84-82

GILC3

DEPARTMENT OF THE AIR FORCE

6 AIR UNIVERSITY (ATC) E
AIR FORCE INSTITUTE OF TECHNOLOGY

3
'A.J
-.. Wright-Patterson Air Force Bose, Ohio

,. ,,. .



A TOTAL COST ANALYSIS OF USING SURFACE
TRANSPORTATION AND ADDITIONAL

INVENTORY VERSUS AIR TRANSPORTATION
TO SUPPORT C-130-7 ENGINE

DEMAND IN EUROPE

Ernest L. Davis, Captain, USAF
William Simmons, Captain, USAF

LSSR 84-82

• ii



The contents of the document are technically accurate, and
no sensitive items, detrimental ideas, or deleterious
information are contained therein. Furthermore, the views
expressed in the document are those of the author(s) and do
not necessarily reflect the views of the School of Systems
and Logistics, the Air University, the Air Training Command,
the United States Air Force, or the Department of Defense.



APIT Control Number LSSR 84-82

APIT RESEARCH ASSESSMENT

The purpose of this questionnaire is to deterine the potential f or current
and future applications of APIT thesis research. Please return completed
questionnaires to: AFIT/LSH, Wright-Patterson APB, Ohio 45433.

1. Did this research contribute to a current Air Force project?

a. Yes b. No

2. Do you believe this research topic is significant enough that it would
have been researched (or contracted) by your organization or another agency
if APIT had not researched it?

a. Yes b. No

3. The benefits of AFIT research can often be expressed by the equivalent
value that your agency received by virtue of AFIT performing the research.
Can you estimate what this research would have cost if it had been
accomplished under contract or if it had been done in-house in terms of
manpower and/or dollars?

a. Han-years _____$ _____(Contract).

b. Man-years _____$ _ ___ (In-house).

4. Often it is not possible to attach equivalent dollar values to research,
although the results of the research may, in fact, be important. Whether
or not you were able to establish an equivalent value for this research
(3 above), what is your estimate of its significance?

a. Highly b. Significant c. Slightly d. Of No
Significant Significant Significance

5. Comuments:

Nam and Grad* Position

Organization Location



FOLD DOWN ON OUTSIDE - SEAL WITH TAPE

, 0J017,,PAV"BMlS AFII ON 4,H43 NO POSTAGE
, NECESSAiNY

OFFICIAL n IF MAILED
PENALTY PO P0IVAT8 USL 0300 IN Tme

UNITED STATES

BUSINESS REPLY MAIL
fmST CLAIS "[MIT NO. 732 WMfIll1 U D.C.

POSTAGE WIlL N PAID BY ADOSSIE

AFMT/ D,
Writ-Patteuo AFB OH 45433

FOLD IN



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dt4a Etefred)

READ ISTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

. PORT NUMER 2. GOVT ACCESSION 3. RECIPIENTS CATALOG NUMBER

8R 4-82 o
4. TITLC (an SubtletfIA TOTAL COST ANALYSIS OF USING S. TyPe OF REPORT & PERIOO COVERED
SURFACE TRANSPORTATION AND ADDITIONAL INVE - Mas
TORY VERSUS AIR TRANSPORTATION TO SUPPORT Master's Thesis
C-130-7 ENGINE DEMAND IN EUROPE ,. PERFORMING ORo. REPORT NUMBER

7. AUTHOR(&) 6. CONTRACT OR GRANT NUMER( )

Ernest L. Davis, Captain, USAF
William Simmons, Captain, USAF
S. PERFORMING ORGANIZATION NAME AND ADDRESS SO. PROGRAM ELEMENT. PROJECT. TASK

AREA & WORK UNIT NUMBERS

School of Systems and Logistics
Air Force Institute of Technology, WPAFB O

II. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Department of Communication and Humanities September 1982
AFIT/LSH, WPAFB OH 45433 13. NUMBEROF PAGES

14. MONITORING AGENCY NAME A ADORESS(II diflernt from Controllin4 Office) IS. SECURITY CLASS. (at this report)

UNCLASSIFIED
1S. DECL ASSI FI CATION/OOWNGRADIN G

SCHEDULE

1S. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered In Block 20. ii dfterent from Report)

IS. s" lEMIENTA,#YP[oTI.. E p'St ES J NIIA.l EM W 19vo1/

W~tAV19tAIR FORCE INSTITUTE OF TECHNOLOGY (ATC

WVRIGHT-PATTERSON, FB OH 454. 3

19.%r?~dw51i* tva-RAU twrfsqraid itnecssay ad ientpby block namber)

Transportation Mode Selection Decision
Total Distribution Cost Model
Intermodal Container System
Break-Even Analysis
TransDortation and Tnventory Cnntrni 1s 1 a .
I. ABSTRACT (Continue an rewea'e side If necessary and Id nl lp by bleck oWMe)

Thesis Chairman: Thomas C. Harrington, Major, USAF

DD IFA"1 1473 EDITION Of I NOV6 IS OBSOLETE UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE (Phan Data Enleend



UNCLASSIFIED
SECUmiry CLASSIFICATION OP THIS PAGEM'00 Dat* Nant.f*)

DOD cost estimates for transportation are expected to increase
considerably faster than the estimated rate of inflation.
Because of the expected transportation cost increases, the
need for more economical means of moving cargo overseas is of
increasing importance. This research explores the possibility
of increasing inventory assets and using surface transportation
modes to move cargo in bulk as opposed to moving single items
by air. A total cost model was developed to be used as a
guide in determining the cost trade-off in comparing the sur-
face mode with increased inventory versus air transportation.
This model was then applied to the movement of C-130-7 aircraft
engines from Kelly AFB, Texas to Rhein Main AB, Germany. The
analysis revealed that under expected forecasts, more than half
the cost of moving the engines by air could be saved by chang-
ing to surface modes and adding pipeline inventory which pro-
vides additional assets that could prove to be very critical
during wartime. Thus, the authors concluded that DOD could
realize considerable savings in transportation costs by build-
ing an inventory and using more surface transportation for
overseas cargo movement.

UNCLASSIFIED
SCUPITY CLASSIFICATION OF THIS P&GE(Whm Date Ietd)



LSSR 84-82

A TOTAL COST ANALYSIS OF USING SURFACE TRANSPORTATION

AND ADDITIONAL INVENTORY VERSUS AIR TRANSPORTATION

TO SUPPORT C-130-7 ENGINE DEMAND IN EUROPE

A Thesis

Presented to the Faculty of the School of Systems and Logistics

of the Air Force Institute of Technology

Air University

In Partial Fulfillment of the Requirements for the

Degree of Master of Science in Logistics Management

By

Ernest L. Davis ,B.S. William Simmons,B.S.
Captain, USAF Captain, USAF

September 1982

Approved for public release;
distribution unlimited



This thesis, written by

Captain Ernest L. Davis

and

Captain William Simmons

has been accepted by the undersigned on behalf of the faculty
of the School of Systems and Logistics in partial fulfiilmert
of the requirements for the degree of

MASTER OF SCIENCE IN LOGISTICS MANAGEMENT

DATE: 29 September 1982

COMMITTEE CHAIRMAN

ii



ACKNOWLEDGMENTS

We wish to express our sincere appreciation to our

faculty advisor Major Thomas C. Harrington for his guidance

and direction in the preparation and final completion of

this thesis. H-is expertise, constructive comments, and

encouragement aided immeasurably in the direction and organ-

ization of the research documentation effort.

Grateful appreciation is extended to Mr. Barry J.

Boettcher, Ms. Debbie Thomas and the personnel of the AFI7

Library staff, who provided their assistance in the comple-

tion of this study.

In addition, we owe many thanks to the Faculty and

Staff of the School of Systems and Logistics, Air Force

Institute of Technology, and our classmates without whose

suggestions, support, and sharing of lessons learned, this

effort would be less meaningful.

Finally, we wish to thank our wives Brenda and

Shannon, and our children who endured our trials and tribu-

lations with less static to us than we probably deserved.



TABLE OF CONTENTS

Page

ACKNOWLEDGMENTS. ................... iii

LIST OF TABLES .................... vii

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . x

CHAPTER

I. BACKGROUND . . . . . . . . . . . . . . . . . 1

Problem Statement. .............

Research Objectives. ............. 2

Scope. ..................

Assumptions. ................. 4

Limitations. . ..............

Research Question. .............. 6

Justification. ................ 7

Literature Review. .............. 8

Introduction .................

Overview .................. 10

Containerization .............. 12

Air Transportation ............. 15

Sea Versus Air Transportation .. ...... 16

Modal Choice and Routing. ......... 17

Break-Even Analysis. ............ 18

Total Cost Concept ............. 18

Inventory Carrying Cost .. ........ 20

iv



Page

Calculating Inventory Carryin 7:st 21

Capital Costs .... ............ .. 21

Inventory Service Costs ........ ... 22

Storage Space Cost ......... 22

Summary ....... .................. .. 23

:.SETHODOLOY ....... ................. 24

introduction ..... ............... .. 24

Research Model ..... .............. 25

Fixed Costs (7C) .... ............ 25

Variable Costs (VC) ...... ........... 26

inventory CarryinZ Costs (CC) ......... 26

Total Costs ..... ............... .. 26

Data Requirements ................... 

Data Collection .... ............. .. 29

Total Cost Model Development ... ....... 30

Transportation Costs ... .......... 31

Acquisition Cost .... ............ 31

Salvage Value ..... .............. .. 32

Inventory Carrying Cost .. ......... .. 32

Inventory and Customer Service Level 33

intransit Delivery Time Criteria .... 34

Total Cost Computation .. ......... . 35

Total Cost Model Validation ......... ... 37

Break-Even Analysis ... ........... .. 38

Sensitivity Analysis .. .......... .. 40

v



Page

Summary ......... .................. 1

III. MODEL MANIPULATION AND RESULTS ....... 2

introduction ....... ............... L12

Data Analysis ...................... 3

Transportation osts .......... 52

Acquisition Costs .... ............ .. 60

Inventory Carrying Cost .. ......... .. 61

Total Cost Models .... ............. .. 62

Break-Even Analysis ...... ............ 62

Sensitivity Analysis of the Results .... 67

Changes in Demand .... ............ .. 67

Changes in Rates .... ............ 87

Changes in Surface Routing Structure 87

Break-Bulk Surface Movement ........ .. 103

Summary of Results .... ............ 103

IV. CONCLUSIONS AND RECOMMENDATIONS ......... ... 117

Introduction ..... ............... .. 117

Recommendations for Further Study ..... ... 121

Conclusion ...... ................. ... 123

BIBLIOGRAPHY .......... .................... 125

A. REFERENCES CITED ..... ............... .. 126

B. RELATED SOURCES ...... ................ .. 129

vi



LIST OF TABLES

Table Page

3-1 Data Parameters .. ................ 4

3-2 Air Transportation System: Kelly -

Tinker -~ Rhein-Main .. ............ 59

3-3 Surface Transportation System
Total Cost: 20 Foot Container
Routing: Kelly -*New Orleans ).Rotterdam -

Rhein-Main
Demand: 52 Engines Per Year .......... 63

3-4 Surface Transportation System
Total Cost: 40 Foot Container System
Routing: Kelly -)New Orleans -* Rotterdam -

Rhein-Main
Demand: 52 Engines Per Year .......... 64

3-5 Air Transportation System
Routing: Kelly -Tinker -Rhein-Main
Demand: 48 Engines Per Year ........... 1
Demand: 58 Engines Per Year ......... 82

3-6 Surface Transportation System
Total Cost: 20 Foot Container System
Routing: Kelly -~ New Orleans - Rotterdam

Rhein-Main
Demand: 48 Engines Per Year ......... 83
Demand: 58 Engines Per Year .......... 84

3-7 Surface Transportation System
Total Cost: 40 Foot Container System
Routing: Kelly -~ New Orleans - Rotterdam

Rhein-Main
Demand: 58 Engines Per Year ......... 85
Demand: 48 Engines Per Year ......... 86

3-8 Air Transportation System
Total Cost: 20 Percent Increase in
Transportation Rates

Routing: Kelly - Tinker - Rhein-Main
Demand: 52 Engines Per Year ......... 88
Total Cost: 8 Percent Increase in
Transportation Rates. ........... 89

vii



Table Page

3-9 Surface Transportation System
Total Cost: 20 Foot Container; 20 Percent

Increase in Transportation Rates
Routing: Kelly -New Orleans - Rotterdam -

Rhein-Main
Demand: 52 Engines Per Year. ........ 90
Demand: 8 Percent Increase in

Transportation Rates....... . .. .. ....

3-10 Surface Transportation System
Total Cost: 40 Foot Container; 20 Percent

Increase in Transportation Rates
Routing: Kelly -New Orleans -Rotterdam

Rhein-Main
Demand: 52 Engines Per Year. ...... ..
Total Cost: 8 Percent Increase in

Transportation Rates. ........... 93

3-11 Surface Transportation System
Total Cost: 20 Foot Conta Iner
Routing: Kelly -Galveston - Rotterdamn

Rhein-Main
Demand: 52 Engines Per Year ......... 9c5
Total Cost: 40 Foot Container. ....... 96

3-1:2 Surface Transportation System
Total Cost: 20 Foot Container
Routing: Kelly - Charleston -~ Rotterdam

Rhein-Main
Demand: 52 Engines Per Year. .... ....
Total Cost: 40 Foot Container .. ...... 8

3-13 Surface Transportation System
Total Cost: 20 Foot Container
Routing: Kelly -o New Orleans * Bremer'haven

Rhein-Main
Demand: 52 Engines Per Year. ........ 99
Total Cost: 4$0 Foot Container... ..... 100

3-14I Surface Transportation System
Total Cost: 20 Foot Container
Routing: Kelly -) Charlestonq* Bremerhaven

Rhein-Main
Demand: 52 Engines Per Year. ........ 101
Total Cost: 40 Foot Container. ....... 102

viii



Table a

3-15 Surface Transportation System
Total Cost: 20 Foot Container
Routing: Kelly - Galveston - Bremerhaven
Rhein-Main

Demand: 52 Engines Per Year ... ........ l0
Total Cost: 40 Foot Container ........ .....

3-16 Surface Transportation System
Total Cost: Break Bulk
Routing: Kelly Galveston Bremerhaven

Rhein-Main ...... ................ .. 08
Routing: Kelly Galveston Rotterdam

Rhein-Main ........ ................ 109

3-17 Surface Transportation System
Total Cost: Break Bulk
Routing: Kelly - New Orleans - Bremerhaven

Rhein-Main ........ ................ 110
Routing: Kelly - New Orleans - Rotterdam
Rhein-Main ..... ................ ...

3-18 Surface Transportation System
Total Cost: Break Bulk
Routing: Kelly - Charleston - Rotterdam

Rhein-Main ..... ................ 112
Routing: Kelly - Charleston - Bremerhaven -

Rhein-Main ...... ................ ... 1

3-19 Break BulD vs Containers ..... ........... 114

4-1 Summary of Tota? Cost by System . ....... .. 118

ix



LIST OF FIGURES

Fi~gure Page

2-1 Standard Delivery Dates .. ........... 36

2-2 Break-Even Analysis Chart .. ........... 3

3-1 Current System: Air Transportation .. .....

3-2 Proposed System: Interrnodal Surface
Transportation.................50

3-3 Proposed System: Intermodal Surface
Transportation.................53

3-)4 Air Transportation Costs. ........... 56

3-5 20' Container Surface Transportation Routes 56

3-6 40' Container Surface Transportation Routes 57

3-7 Break-Bulk Surface Routes .. .......... 57

3-8 20' Container and Current System Break-
Even Analysis .................. 66

3-9 40' Container and Current System Break-
Even Analysis ................. 68

3-10 Proposed System: Surface Transportation . . 69

3-11 Proposed System: Surface Transportation . . . 72

3-12 Proposed System: Surface Transportation . . . 75

3-13 Proposed System: Surface Transportation . . . 78

3-14 Proposed System: Surface Transportation
System (Break-Bulk) ............... 106

4-1 Distribution System Cost Relationships .. ..... 124

4-2 Distribution System Cost Relationships .. .....124



CH-APTER I

BACKGROUND

Transportation systems provide utility value to

resources by moving the right thing to the right place at

the right time. Therefore, defense transportation systems,

as a major element in the Air Force logistics system, pro-

vide the vital link between procurement, supply, maintenance

and user activities (18:87).

Transportation managers look to the future with some

concern because the cost of procuring transportation to

provide the resource utility is projected to increase faster

than the rate of inflation. Specifically, the price of f"uel

is projected to increase approximately 14 percent per year

through 1990, while the annual rate of inflation is estimated

to be 8 percent through the same year (25). Since fuel is a

major driver in the cost of transportation, fuel price esca-

lation could result in a similar increase in the cost of

transportation. At the 14 percent annual rate of increase,

the average cost of moving a short ton of freight would be

$726 in 1990, compared to $196 in 1980 (25).

The anticipated rise in the cost of transportation

relative to the rate of inflation could impact the logistics

system in a variety of ways. For example, the Air Force

logistics system frequently relies upon premium air
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transportation modes combined with little or no inventory to

support a deployed weapon system. As premium transportation

costs increase relative to the cost of inventory, the point

may be reached where larger inventories coupled with volume

surface movemqnts may be less costly than procurement of

premium transportation, especially for overseas shipments.

It is important to note that transportation mode selection

decisions cannot be made in isolation of inventory, as well

as other distribution element decisions. That is, to provide

the same level of customer service, expressed in item avail-

ability terms, inventory must be expanded when slow transpor-

tation modes are used in lieu of premium transportation.

Problem Statement

A total distribution cost analysis needs to be per-

formed for determining the appropriate transportation mode

and associated inventory strategy in support of selected

deployed weapon systems. The trade-off analysis becomes

more critical in view of the anticipated increase in trans-

portation costs relative to the cost of inventory.

Research Objectives

The following objectives provided the guidance

needed to compare transportation and inventory costs asso-

ciated with various modes and inventory strategies in order

to determine the most economical method of distribution for

deployed weapon systems.

2



1) Identify the relevant costs of transportation

associated with the air and surface movement of DOD cargo

between CONUS and overseas locations.

2) identify the relevant costs of acquiring and stor-

ing additional items necessary to provide an established

level of customer service when surface transportaticn iS

used in lieu of premium air transportation.

3) Perform a trade-off analysis between the total

transportation, acquisition and inventory costs associateI

with the air transportation/no inventory and surface trans-

portation/inventory strategies.

Scope

The focus of this thesis involved the determination

of the minimum cost distribution system for C-130-7 aircraft

engines deployed in support of the two C-130 aircraft squad-

rons at Rhein-Main AB, Germany.

Currently, C-130 engines requiring depot maintenance

are shipped by air from Rhein-Main AB, Germany, to Kelly Air

Force Base, Texas. Once the engines are repaired, they are

returned to Rhein-Main AB by air transportation. Each year

an average of 52 C-130-7 engines are moved in this distribu-

tion system (19).

As an alternative to the air shipment of individual

engines, it is proposed that less costly surface transporta-

tion modes be used for C-130 engines. Both break-bulk and

3



containership surface modes are considered for movement of

the engines between Europe and the CONUS. However, in order

to provide the same level of customer service in terms of

engine availability, an inventory of additional C-130 engines

would be needed~ when the slower surface modes are used. This

is necessary to account for the increase in the transporta-

tion pipeline time associated with the slower methods of

transportation.

The objectives of this research were then applied to

the study of these alternative ways of supporting the C-130

engine program at Rhein-Main AB, Germany.

Assumptions

Although the following assumptions will be general

in nature, their pertinence provides the foundation upon

which this thesis is built.

1) The Department of Defense desires to minimize

total transportation cost, using the available transporta-

tion modes.

2) Restrictions will be placed on the use of con-

tainers or break-bulk shipments in determining the most

economical method of shipment.

3) The containers used in transporting DOD cargo

will be 20 foot or 40 foot, depending on the most economical

device used for shipment.

14) This research specifies a time limit which is
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requirements. Ideally, station location, route structure

and cargo load capacity will represent variables that must

be included in the formulation of the optimal system struc-

ture.

3) A comparison between containerized and break-bulk

shipments will be made in determining cost optimization.

The determination between both types of shipmens w-i1

involve the number of shipments per year, the number of

engines to be shipped at any one time and the zzost associate4.

with such shipments.

4) The criteria involving mode selection and the

type of inventory policy used will be the determining factors

between a fast mode of transportation as opposed to a slower

mode. Cost/time trade-offs will have to be made in acquiring

the most economical cost available.

5) This study will focus on peace time requirements

in obtaining the necessary quantity of C-130-7 engines from

Kelly AFB, Texas, to Rhein-Main AB, Germany, using the most

economical transportation modes available.

Research Question

The following research question was developed to pro-

vide direction for this thesis: At what point in time does

the cost of premium transportation for C-130-7 engines

exceed the cost of surface transportation coupled with the

required additional C-130 engine inventory?

6



estimated to be from the present through the year 1996. At

the end of this particular time interval, the C-130 aircraft

is expected to be replaced by the C-17 or the C-XX aircraft.

The critical assumption in this study concerns the

cost criteria for determining the most economical transpor-

taticn modes. The assumption is based n the concept that

the Decartment of Defense does, in fact, intend to minimize

transportation costs. With excessive fuel and transporta-

tion costs steadily on the rise, a more economical means of

transporting DOD cargo must be consilered.

Brigadier General Powers, Director of Transportation

Hi USAF, has stated the need to examine transportation

within the Air Force environment (25). it is anticicated

that, in the event of an emergency, the requirements for men

and material will increase, which will warrant use of the

most economical modes availablq.

Limitations

1) The total cost research models will concentrate

on the choice between air and surface tran:portation modes

in minimizing transportation costs in reference to the trans-

shipment of C-130-7 engines between Kelly Air Force Base,

Texas, and Rhein-Main Air Base, Germany.

2) The research models will be used to assess the

most economical means of transporting (deploying) a major

weapon system to an overseas location, in meeting peace time

5



Literature Review

Int roduct ion

The first part of this section discusses the major

concerns of the Department of Defense in finding alternative

ways to transport cargo from CONUS to overseas locations.

Concern will be l1aced on the high cost of fuels as it

relates to total transportation costs and a brief discussion

on the reasons why fuel costs are steadily increasing. This

section will also respond to the question: "How well can

the U.S. support personnel and equipment, in overseas areas

while maintaining an economical, effective, and efficient

transportation network?"

Improvements in transportation facilities will also

be discussed as they relate to development of optimal mate-

rial handling systems to meet the needs of DOD customers.

The use of a containerized system will be introduced along

with the advantages it has over break-bulk movement. In

response to proven cost savings associated with containeri-

zation, the further development of this system can cut costs

as well as improve handling across the various modes of

transportation. The construction of the container and the

various sizes used, in accommodating specific size shipments,

will play an important factor in determining an optimal

transportation system.

A considerable amount of cargo is transported by the

airlift mode due to its speed and the benefit it provides



Justification

While cargo movement requirements have ieclined

since the United States forces left Vietnam, rising trans-

portation costs have caused the '07 to spend rcugh!i the

same amount of dollars to move less carco. This being the

case, the U.S. has recognized that it must econDTmize on

transportation costs at every posible orportunity. An

emerging area of concern to the DOD is the intermcdality or

shipment of cargo from point to pcint by more thar. one means

of transport, in hope of finding the most optimal means

available. The advent of containers and the emphasis on

fast, e'onomical, through movement has brought to the fore-

front a number of problems only dimly foreseen a few years

ago. The excessive increase i-n fuel crices and transcorta-

tion costs has forced the DOD to seek these more economical

means of transporting cargo, while at the same time, main-

taining its flexibility and responsiveness to all DOD users.

The Defense Transportation System is big business

which is effected by inflation, the high cost of fuel and

the changes taking place in the ever increasing transporta-

tion industry. It is imperative that DOD keep pace with

these changes to ensure that they will be able to respond to

all necessary requirements in meeting transportation needs

anywhere in the world at the lowest possible cost (12:220).

7
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in elimf;atini the need f:or acquiring excessive inventory.

However, the presence of fuel cost increases could change

this pattern considerably. :.'ore emchasiz nay have to be

placed on limiting the uce of air transportation in exchange

for increased inventory at various supply locations. There-

fore, a comparison will be discusZec 2oncerrn the use of

sea versus air transpcortacion as an aid in r- 1ucing total

transportation costs. Air transportation wiill always be a

key factor in commodi:y e: ;uc in c''cining two or

more surface transport modes, it may be possible to not only

produce a total transportaio si:i.. ._ i nventory

cost savings win Increased i oy e.el:, but also

decrease ordering, processing and other related cost ele-

ments.

A brief discussion on break-even analysis will be

presented as it relates to the comparison of alternative

distribution systems. in this research, bre !c-even analysis

is used for determining at what point in time the costs of

one system used to satisfy C-130-7 engine distribution will

be less than another.

Finally, the use and description of the total cost

model will be presented. The total cost model is made up of

various cost components which, when combined, produce an

overall system cost. The components of this model are:

the inventory carrying cost which can include capital cost,

inventory service cost and storage space cost elements;

9



transportation costs; and item acquisition costs.

Ov ervi~.ew

In recent years, the increase in cargo movement from

various locations around the world, coupled with substantial

increases in transportation fuel cost, have forced the

Department of Defense to initiate a number of studies in

determining more economical means in which to ship different

commodities of cargo (25). A thorough understanding of the

transportation system is a prerequisite to successful deci-

sion making, which involves the selection of a transport

mode to meet a movement requirement. To assist us in our

understanding, it is important to appreciate the impact of

the high cost of energy on the transportation system.

Transportation accounts for over half of the petro-

leum 2,onsumed in the United States. Prior to the 1973-1974

Arab oil embargo, the use of petroleum by the transportation

sector has been rising at a tremendous rate due to such

things as increased vehicle miles and ton-miles of freight

transportation per capita, shifts towards more energy inten-

sive modes, and the increased use of petroleum relative to

other energy sources (16:169).

During and after the oil embargo, the federal gov-

ernment adopted a number of policies to conserve fuel in the

transportation sector. A number of these policies were

intended to increase energy efficiency within each mode of

10



transportation, such as motor carriers and shipping. Others

were intended to shift transportation demand from energy-

intensive to energy efficient modes (16:170). Within the

defense transportation system, the use of energy efficient

modes capable of moving large quantities of cargo and equip-

ment is essential during wartime operations.

It is known that sustaining logistics is a necessary

ingredient for winning any armed conflict. While much has

been said and done about the need to rapidly deploy troops,

equipment and supplies to troubled spots around the world,

the importance of keeping them resupplied, once they are

engaged in combat, must not be neglected. Because of the

rapid response dictated by wartime planning scenarios, stra-

tegic airlift is essential for the initial deployment. The

United States Air Force, through the Military Airlift Com-

mand (MAC), is charged with this responsibility. However,

when it comes to sustaining large military operations, air-

lift capabilities become overtaxed--not only from a stand-

point of not being able to move enough supplies on a contin-

uous basis, but also from the standpoint of fuel costs. In

this case, ocean transportation will be the means by which

the heavy logistic items will be moved, because of lower fuel

costs and its ability to move large amounts of cargo at any

one time (24:45).

Another point which must be kept in mind, with

respect to transportation costs, is that many of the world's
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potential trouble spots are not equipped to handle the off-

loading of large ships at a rate sufficient enough to keep

up with the possible demands. Many bottlenecks will occur

if transport ships are tied up offshore awaiting off-loading.

Not only will this hold up the supply line, but increased

transportation costs will be incurred due to the use of

other higher cost transport mnodes for continuing resupp_-y

an:d the payment of excessive port fees.

To eliminate these problems and assist in cutting

transportation costs, major improvements in port facilities

will aid in the ability to handle the bulk of freight cgoing

to these countries and to allow for increased tonnage move-

ment well above prescribed present day levels (9:17). In

summation, the Department of Defense is relyi"ng on a highly

developed transportation system, incorporating the most

modern methods in ocean shipping, to guarantee American per-

sonnel ccntinued support in the most economical manner (17:

38).

Containerizat ion

The key to the efficient movement of military sup-

port cargo is containerization, which is a freight handling

system that has transformed world trade in the short space

of 25 years. Containerization involves standardized freight

handling by using containers that are adaptable to trucks,

rail and ship transportation modes. Containerization has
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en~abled the United States Department of Defense to cut trans-

portation, loss and damage costs, as well as save time in

cargo handling. Today, approximately 500 container loads

are delivered each week by container carriers, like Sea Land,

to the continental ports of Rotterdam, the Netherlands,

Bremerhaven, Germany, and Algecira3, Spain (17:141).

The National Maritime Day 1981 witnessed an era when

more than 75 percent of the world's cargo compatible with

containerized transport is being shipped by an industry that

did not even exist a quarter-century ago. It saw a world

containership fleet, that today numbers close to 1500 ves-

sels, and a world container inventory in excess of two mil-

lion units, tailored to carry a full range of commodities in

international commerce. It also saw countless port facili-

ties around the globe dedicated to container shipping (7:

12; 23:113).

Containerization can also be looked at as a system

that is aimed at introducing continuity into the shipping

process. The container unit is a receptacle of flexible

covering in the shape of a large parellelogram, made of

steel, an alloy or plywood. Its size is standardized at

10, 20, 30 or 40 feet in length. Two containers 10 feet

long can fit into a 20 foot container and two 20 foot con-

tainers can fit into a 40 foot container. The loads are

thus adapted to ships, railway cars or trucks and to the

loading equipment. Although it is not necessary to break
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down cargo during the loading process, the container does

require handling and poses the problem of integrating land

and ocean transport (2:14).

In meeting the objective to reduce costs, a pre-

planned land system was developed to eliminate the need for

rehandling and warehousing that would be necessary if prod-

ucts were shipped in single commodity or break-bulk units.

At the receiver's end, custom loading allows space and inven-

tory reductions and cuts cost and waste (17:41). For single

products moving in large quantities to an ultimate user, con-

tainers are loaded at the manufacturer's or vendor's site

rather than at a military installation.

Although containers still encompass less than a two

percent share of the overall freight traffic, the use of con-

tainers in international freight transportation is estimated

at about 40 percent and in marine transportation, at an

impressive 80 percent (9:18). Without question, the contain-

ership industry, pioneered largely through American efforts,

has strcamlined the transport of goods throughout the world.

This industry has been instrumental in opening up new world

markets. It has seen phenomenal growth over the past 25

years and has made dramatic strides both in technology and

in the quality of service.

Assisting in the movement of containerized cargo is

the Sea-Land giant SL-7 containership. These ships carry

containerized, as well as break-bulk military cargo destined
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for U.S. troops located in areas such as Europe, the Medi-

terranean and the Far East. Introduced in 1973, the SL-7's

are among the world's largest and fastest ships capable of

attaining 33 knots cruising spped. Each ship is capable of

carrying 1100 containers of 30 and 40 foot lengths.

Containerization, found in all areas of shipping,

provides the advantages of a method that deals with the prob-

lem of cargo transfers far more effectively than methods

used to ship break-bulk cargo.

Air Transportation

Air transport's primary advantage is obviously speed.

This speed is all the more attractive because it multiplies

benefits. Time saved is a source of cost savings in itself,

but it also has a direct impact on the amount of capital

tied up in the cargo during shipment. The result adds up to

considerable amounts of money when transportation time is

reduced from several weeks, or even several months, to a

few days. The problems associated with the storage and care

of goods in transit, as well as the costs of storage and

care of cargo, can be reduced to a minimum by rapid air trans-

port. Air freight is a precious link in the distribution

chain connecting shippers and consumers, whatever the dis-

tance separating them (2:92).

Another advantage of air freight is the quality of

goods delivered. In the cargo compartment of an airplane,
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cargo or goods are safe from weather and the risks of theft

and damage posed by surface transport during transfer and

storage time, which the aircraft generally eliminates. The

caution that necessarily dominates all ground operations

involving an airplane has a positive effect on the quality

of service and attention paid to freidht iuring loading and

unloading. This, in turn, has a beneficial effect on insur-

ance rates. Air freight is, by far, cheaper to insure than

the same freight shipped by -round or ocean transportation

(2:93).

Sea Versus Air Transportation

It was found that the total cost of caro movement

by sea represented 25 percent of that experienced on air

shipments. In consequence, a shift in the movement of cargo

to the sealift mode is becoming more and more commonplace.

Shipping lines are a serious threat to the air cargo indus-

try, because of a freighter's ability to carry more cargo

per ton mile as compared to the tonnage capacity of a large

cargo aircraft (24:45). For example, in an all cargo con-

figuration, a B-747 aircraft can carry over 100 tons, which

is about one percent of the tonnage capacity of a small

ocean-going freighter.

On the other hand, air transportation has the speed

advantage over sealift. In the above example the B-747 can

cover 25 to 35 times as much distance as the ocean vessel
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in one hour. Hence, if ton-miles per hour were the only

criteria for comparison, three or four B-747's can displace

the need for one entire small freighter.

In the final analysis, air remains an important part

of continuing trans-oceanic shipping strategy. While ocean

volume is still increasing, I is ultimately anticipated

that the modal mix will level off at 85 percent by sea and

15 percent by air (24:45).

Modal Choice and Routing

The shipper's choice of mode is ypically not a sin-

gle choice of between water, rail, highway or air transport

modes, but is an objective and subjective selection made

from a mixture of modes, routes and schedules. in other

words, modal choice and routing can be viewed as a set of

sequential decisions made by the shipper. Shippers of

various commodities should examine a number of factors or

costs which they regard as relevant. For different commodi-

ties, different factors will take on greater or lesser impor-

tance. For one commodity, the weights given to each factor

can be thought of as remaining constant over a particular

network, and each link's rating can be determined on the

basis of its particular performance characteristics. Once

links are rated, paths can be sought to maximize the ship-

per's utility rating which will, in turn, minimize transpor-

tation costs (15:48).
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Break-Even Analysis

One method for choosing between various transporta-

tion and inventory strategies to minimize the total costs

of a distribution system is bxsed on the principles of break-

even analysis. Break-even analysis can be performed by

graphic or mathematical methcds. The dynamic approach can

be organized to provide ifrm-ation concerning movement

volumes at which a shipper should alter their logistics sys-

tem, to relate costs of vari~us systems at any point in time

or to assess the impact of fixed costs on the selection of a

logistics system to do a particular 'ob. it goes beyond an

analysis of the relative iezirbility of several logistics

systems at a given point in time, which requires assumptions

of static volumes of shipments, shipment characteristics or

service characteristics. The dynamic approach of logistics

systems analysis requires, as stated above, the measure-

ment of all costs associated with the use of a system over

the time period of interest, the separate identification of

fixed and variable costs, and the computation of point of

indifference between alternative systems (6:465).

Total Cost Concept

Total cost analysis provides a convenient vehicle

for analyzing the cost considerations involved in selecting

between a number of transportation and inventory strategy

alternatives. Further, it requires the collection of the
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fixed and variable costs in such a manner that cost trade-

offs can be identified. Total cost analysis can also be

used to analyze many types of logistics systems, such as

those using private transportation methods, special devices

for information flow, varying numbers of storage facilities

and others (6:469). Finally, total cost models provide the

... rmation necessary to perform a break-even analysis of

alternative distribution systems.

In order to develop a cost-effective form of trans-

portation and inventory distribution system, all associated

costs should be fully identified, reported quickly and accu-

rate!y, and be readily accessible for routine operations ann

long range planning. The objective in developing a more

cost effective trancrortatior. and inventory system is to

minimize the combination of each individual cost component.

While there are many forms of total distribution cost models,

the general model used in this study is:

Total Cost = transoortation cost + inventory carrying cost

+ item acquisition cost

The Department of Defense should always examine ways

to achieve the optimal cost-service mix without injecting

any shortfalls which may hinder military responsiveness and

effectiveness. For example, methods to reduce costs can

include increased consolidation of cargo shipments, such as

in containerized movement; r ggy-back routings; the use of
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common pick-up and delivery points; and more effective pack-

aging (l2:l147).

The transportation and acquisitio. cost components

of the total cost model used in this research will be dis-

cussed in the following chapters. The inventory carrying

cos'. component will also be discussed in srecific detail

in --he following chapters; however, a general discussion

of inventory costs is provided next.

Inventory Carrying Cost

inventory carrying costs can be thought, of as those

costs associated with the quantity of inventory stored, and

include a number of different cost components. The need for

an accurate assessment of inventory carrying cost, if the

appropriate trade-offs are to be made, depen( on the mag-

nitude of these costs in the problem situation. In lieu of

accurate and specific calculations, estimates are usually

used when considering the cost of holding inventory, and

these range from 12 percent to 35 percent of item value.

These percentages are derived from traditional textbooks or

from industrial averages. Most carrying cost percentages

are nearer to 25 percent (12:240).

It is often the case that in many companies, inven-

tory carrying costs are not calculated but only estimated.

When these costs are calculated,, the calculations generally

include only the current interest rate plus such items as

insurance and taxes (12:239).
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Calculating Inventory Carrying Cost

In calculating inventory carrying cost, only those

costs that vary with the quanitity of inventory should be

included. There are four major components in~volved in

determining the inventory carrying cost in a transportation

and distribution system. They are: capital costs, inven-

tory service costs and storage space costs. A briefs des-

cription of each component will be presented ne?'t.

Capital Costs. 'When inventory is obtain'ed, it ties

up money that can be used for other types of spending. Con-

sequently, the opportunity cost of capital, which is the

rate of return that could be realized from other uses of

money, should be used in order to reflect accurately the

true costs involved. in organizations where funds are dis-

tributed for specific purposes, a hurdle rate should be used

as a cost of capital. A "hurdle rate" may be defined as the

minimum rate of return on new major procurement items (12:

241).

Once the cost of money has been established, it is

then necessary to determine the value of the inventory on

which the inventory carrying cost is to be used. At this

point, costing alternatives should be used. The two costing

alternatives used are the direct costing method and the

absorption costing method. The direct costing method is

that method of cost accounting which is based upon the
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segregatin: of costs into fixed and variable components.

This is done in order to exclude fixed costs of production

from the inventory values. With absorption costing, other-

wise known as full costing, fixed manufacturing overhead is

inventoried (12:242).

These costs are comprised

taxes and insuran e r:a_ as a result of holding ... 'i--

tory. -r. -=- n , axe vary directly with inven-

tory levels. On thte other hand, insurance rates are not

proportional to inventory ees, since insurance is usually

ourchased -0 :er-ti:t,ae oa an item Der a sceci-

:ie: cerci. of tie and revised periodically based on changes

an total inventorv levels C2:244).

The ac-ua7 Jolar amount sce t on insurance and

taxes during a specified period of time can be calculated

as a percentage of the inventor- value, and then added to

the cost of money component of the carrying cost. if bud-

geted figures are available for the coming year, they can be

used as a percentage of the inventory value based on the

forecasted inventory level in order to provide a future-

oriented carrying cost (12:244-245).

Storage Space Cost. Storage space cost is incurred

when storing inventory type items within a specified building

or location. The type of facilities used plays a major role

in assessing related storage costs. Examples of the various
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facilities are: public warehouses, private warehouses,

rented or leased warehouses. Put'lc and leased warehouses

usually contain variable cost components which vary 
with

the amount of inventory stored. Private warehouses contain

fixed cost components which do not vary in direct 
proportion

to the amount of inventory held. Again, only those costs

that vary with the quantity of inventory should te 
included

in determining the inventory carrying costs.

Summary

We have presented the background, orobiem statement

an, objectives of this research effort. 
Chapter II will

describe the methodology used to analyze the : resent and pro-

posed distributirn systems under study. A total cost model

will be presented for the identification of the cost con-

ponents necessary in evaluating the total costs of alterna-

tive systems. Chapter III includes a discussion of the

results of our analysis, followed by the conclusions and

recommendations in Chapter IV.
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CHAPTER II

METHODOLOGY

Introduction

"he principle objective of this research was to per-

form a trade-off analysis between the total transportation,

accuisition and inventory costs associated with various dis-

tribution strategies to supoort C-130-7 engine demand in

Europe. Two major strategies were investigated. The first

strategy represents the current system of using air trans-

portation of C-130-7 engines between Kelly AFB, Texas, and

Rhein-Main A2, Germany. The second strategy proposes the

use of containerships for the engine movement requirements.

This strategy incorporates land and sea transportation modes

for container movement, and requires an additional inventory

of C-130-7 engines to provide the same level of customer

service as the air transportation system. That is, the addi-

tional inventcry is required to account for the slower

intransit times of the surface transportation systems. This

strategy involved the investigation of using both 20 and 40

foot containers for the intermodal surface moveme-t of

C-130-7 engines.

In order to determine the most economical method of

distribution, it was necessary to examine the present and
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future costs directly related to the strategies under inves-

tigation. Thus, this research attempted to capture and com-

pare the total costs of moving C-130-7 engines between Kelly

AFB, Texas, and Rhein-Main AB, Germany, using both air and

surface transportation modes.

The main thrust in evaluating the total cost of a

distribution system is the introduction of the total cost

concept. The total cost concept is the recognition that the

logistics system should be defined broadly enough so that

all relevant costs to a decision problem are considered in

the decision process. in determining optimal transportation

alternatives, a total cost model will be presented to assist

in analyzing the system under study.

Research Model

The total cost model used in this study encompasses

three basic cost components: fixed costs, variable trans-

portation costs, and inventory carrying costs. These cost

components will be examined and explained below.

Fixed Costs (FC)

Fixed costs can be defined as expenses which do not

vary with the amount of service that is being offered. It

is generally assumed that expenses for equipment, facilities,

depreciation and taxes on these items are fixed (5:73). For

this research, the fixed cost component includes the expendi-

tures necessary for acquisition of additional C-130-7
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engines required to fill the pipeline inventory when surface

transportation is used in lieu of air transportation modes.

Because surface transportation is slower relative to air

transportation, additional pipeline inventories are necessary

to provide the same level of customer service available with

use of air transportation.

Variable Costs (VC)

Variable costs can be defined as those expenses

which vary directly with the amount of service offered by a

particular carrier. Transportation expenses that can be con-

sidered variable include, but are not limited to, fuel c-sts,

equipment maintenance costs, labor costs and handling.

inventory tarrying Costs (CC)

Carrying costs can be defined as the costs that are

associated with the quantity of a particular item stored.

The magnitude of these costs and the fact that various item

levels are influenced by the configuration of the physical

distribution system demonstrates the need for an accurate

assessment of carrying costs, if the appropriate cost trade-

offs are to be made (12:241).

Total Costs

Total costs emphasize the appraisal of all fixed

costs, variable transportation costs and inventory carrying

costs resulting from a decision to utilize a particular

26
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method of accomplishing each activity. Furthermore, it

places emphasis on the analysis of the nature of change in

these costs under varying conditionz. The underlying prin-

ciple of the concept advocates the avoidance of suboptimi-

zation of system components, that is, the optimization of

one system component to the detriment of to-al system cost

(12:36).

In summary, the fclowig is the total cost model

which was usei in examini. the total costs of various sjs-

tems under investigation:

Total 'cst = Fixed 77ct + Transoortation Variable Cost

+ iT ventory ar.rying Cost

Data Fe u rements

The variables used in developing the total cost

model are classified as input (decision) variables and out-

put (dependent) variables. The input variables are decision

variables under the control of the decision maker, and the

output variables are response variables which are a function

of the input entities (20:15-16).

In the transportation systems under study, three

variables are identified as independent. These variables

are transportation costs, acquisition costs and inventory

carrying costs.

Transportation costs are those costs associated with

the movement of materials and equipment from point of origin
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to point of destination. These costs may include loading

and unloading, packaging and damage, transit time, intransit

loss or damage not covered by carrier liability, and traff'ic

control. For this research, transportation rate tariffs

for the various modes were used to represent the total of

all of the separate cost components. Acquisition costs are

those costs associated with purchasing or procuring an item

or piece of equipment. These costs are usually sunk cos:,_

which cannot be recovered once the item or equipment is

obtained. In this research, acquisition costs were computed

for additional C-130-7 engines needed with the surface trans-

portation strategy. Inventory carrying costs include on'_-

those costs that vary with the level of inventory stored,

and can be categorized into the following groups:

1. Capital cost, which is the opportunity cos: c

capital multiplied by the variable out-of-pocket investmenz:

in inventory;

2. Storage space cost;

3. Inventory risk cost including obsolescence,

damage, pilferage and relocation costs. Inventory carrying

costs, as a proportion of average value of inventory on hand,

have been estimated generally at 25 percent. For this

research, inventory carrying costs were equated to those

used for economic order quantity items in Air Force supply

systems.

The output (dependent) variable is identified as the
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total cost component in the research model. Total cost is

one neasure of the transportation system under investigation,

and it takes into consideration all transportation and

related costs af ected by the possible changes which may

occur within a system.

Data Collection

The r f this section is to identify the pri-

mary sources utilized in obtaining all pertinent data neces-

sary to develop - to 3tal cost models. The information con-

cerning the C-130-7 engine weight and shipping dimensions

was obtained frc:: te Traffic Ycnagement Office, Kelly AIr

Fcrce Base, Texas (4).

The policies and procedures pertaining to the number

of engines authorized at Rhein-Main and shipment routinz

were obtained from the San Antonio Air Logistics Center,

located at Kelly Air Force Base, Texas (19). The route

structure provided information on the current flow of C-130

engines, the route segments connecting Kelly AFB and Phein-

Main AB, and the mode of transportation now being utilized

to accomplish this task (19).

The required information on modal rates were obtained

through telephone conversations with Traffic Management per-

sonnel and from published technical information. The pri-

mary data sources for airlift rates included the Military

Airlift Command (MAC) Log Air Tariff, dated January 1982;
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Air Force Regulation 76-11, U.S. Government Rate Tariffs,

dated May 1981; and Traffic Management Ofice personnel at

Wright-Patterson AFB, Ohio (3).

All surface rates, including :and and sealift, were

obtained through telephone conversations with Military Traf-

fic Management Cnmmand personnel (1>.

The container was usei "ov r -he purpose

of consolidating the shipments of C-110 engines from origin

to destination. In so doing, rate structures haie been

employed in hopes of reducing the overall costs Incurred

within the transportation system. The container rates were

obtained from Military Traffic Management Command personnel

at the water port of Bayonne, New Jersey (10; 22).

The additional information required to construct and

evaluate the total cost model is the acquisition cost for

the C-130-7 engine. This cost and other related information

were obtained frnm the Propulsion Laboratory, located at

Wright-Patterson AFB, Ohio (14). Intransit times for both

surface and air transportation were obtained from HQ AFLC,

also located at Wright-Patterson Air Force Base (13).

The above sources provided the information required

to develop the total cost and break-even analysis models

used in this study.

Total Cost Model Development

This section will describe the total cost model used
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for evaluating the two strategies of distribution. This

model is linear in nature and will describe total costs for

a specific method of moving C-130-7 engines to and from

Europe.

The decision variables of the model are the trans-

portation costs, engine acquisition costs, engine salvage

value, carrying costs, and the discount factor/present value

variables.

Transportation Costs

Transportation costs were determined for the present

and proposed systems based on 19.82 data. The authors then

forecasted the costs over a 15 year period, from 1982-1996,

using an annual increase of 14%, based on the estimated

fuel cost increases from the Future Look '81 Corference (25).

These costs were then discounted into present value, 1982

dollars, using a government recommended discount factor of

10 percent (1:82).

Acquisition Cost

In maintaining required customer service levels for

the proposed surface transportation systems under study,

additional C-130-7 engines would have to be acquired and

added to the current inventory. Based on a 1982 cost of

$91,000 per engine (14), a total acquisition cost would be

calculated based on the total number of additional engines

needed.
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Salvage Value

The salvage value represents the amount of money

that could be expected from disposition of engines under the

assumction that the C-130 aircraft will bc replaced by the

C-X or C-XX, fifteen years into the future. In calculating

this value, the authors applied the current engine acquisf-

tion cost, depreciated it over a 20 year period and aswu:ei

that the engine would be worth approximatyely p ercent L'

its original cost after ust 15 years of use. in order

obtain what was felt to be more in line with the criteria

established in this study, the 25 percent salvaoe value w c

inflated ,y an annual rate of 8 percent over the .

period. This figure was then discounted usina 10 percent

discou-t factor. The resulting amount was then applied as

the salvage value for the C-130 engine at the 15 year point.

inventory Carrying Cost

The Department of Defense does not normally consider

carrying costs for major acquisition items in pipeline inven-

tory models; however, the authors felt that some considera-

tion should be given for carrying the additional engines

required for the proposed system since there is additional

storage and handling. In the absence of an ex'.sting method

of calculating the carrying costs, the authors developed the

following basic procedure. A carrying cost of 26 percent

was applied to the annual straight-line depreciated
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acquisition costs for the C-130-7 engine. This percentage

rate was extracted from AFM 67-1, Volume II, Part 2, page

l1-4a, Carrying Costs for Economic Order Quantity Items.

The resulting amount was then multiplied by the number of

additional engines required. The computed carrying cost

was then increased at an annual rate of eight percent to

obtain the annual car'ying cost to be used in this model.

Finally, the annual carrying cost figure was discounted to

i 2 =esen-:,"iue dollars.

Inventory and Custcmer Service Level

The 2urrent inventory level at -Rhein-Main Air Base,

3ermany, includes an authorization of 15 C-130-7 engines,

with a 1982 preJicted demand of 26 engines. The information

concerning authorization levels was obtained from the C-130.

Engine Systems Manager (19). This data was then combined

with the average time required to move Priority I cargo from

Kelly AFB to Rhein-Ma:n AB to determine the average level of

inventory based on a uniform usage rate, which maximizes

customer service. This average inventory level was used as

the required customer service level for both the present

and proposed systems. For the purpose of comparing alterna-

tive systems, the authors established an arbitrary stock

level of 50 engines to be positioned at Kelly AFB for use

with the current system. This, in turn, enabled the study

of the "total pipeline" effect on inventory, as it applies

to this research.
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One objective of the proposed system is to provide

a level of service that is equal to or better than the sys-

tem presently in use. This required the acquisition of

additional C-l30 engines which were added to the present

levels to offset the increase in the time required to move

engines between Kelly AFB and Rhein-Main AB.

Intransit Delivery Time Criteria

One of the basic factors used in achieving a well

balanced stock position is a reasonably predictable order

and shipping time (O&ST). The O&ST, literally the "pipelinie"

time, represents a period from the time the requisition is

entered into the supply system until the required material

is received by the requisition activity (23:99).

The O&ST, when translated into quantities of items,

becomes a significant factor in the calculation of the

operating stock level. An operating stock level is the

quantity of C-130-7 engines necessary to meet demands over

a period of time. The quantity required is calculated from

past demands over a similar time period, the number of

engine-days in the "pipeline," and a safety level quantity

to compensate for variations in demands or shipping delays

(23:99).

The intransit delivery time used in this model was

determined by taking the average monthly order and shipping

time for the period January 1980 to June 1982, for cargo
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movement from Kelly Air Force Base to a designated European

destination. To determine the intransit shipping time for

airlift movement, the data for Priority I shipments were

used. For surface movement, Priorities II and III shipment

data were used (13). Actual O&ST data was used in lieu of

standard data to better represent the environment under

study. It should be noted, for the benefit of the reader,

that standard times are available.

One of the factors in calculating standard order

and shipping time is the Standard Delivery Date (SDD). The

SDD is the maximum standard terminal date by which the

normal processing and shipping time in the logistics system

will permit the receipt and recording of the requested

material by the requisitioning agency or consignee. The SDD

can be computed by adding the appropriate time standards in

columns 3 and 4, of Figure 2-1 below, to the date of requi-

sition. Of course, the geographic location and the priority

group will be the governing factors (23:100).

Total Cost Computation

For the present and proposed systems under study,

the total costs were calculated by a summation of the acqui-

sition cost, transportation costs and carrying costs for

each year of occurrence. Following this, a government recom-

mended 10 percent present value factor was applied to these

cost totals to obtain the annual discounted costs for each
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Priority Priority CONUS Overseas
D;rourc Desiznation SDD SDD

(1) (2) (3) (4

1 01 - 03 8 days 12 or 13 days

20o4 - o8 12 days 16 or 17 days

3 09 - 15 31 days 69 to 3% days

Fiog. 2-1. Standard Delivery Dates
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system. Finally, the annual discountej _,DSt cf each system

were summed to arrive at the net present value cost of each

system.

Total Cost Model Validation

This section discusses the techniques used for

validating the total cost model.

Validation of the transportation cost comronent of

the research model, as applied to the current system, was

accomolished by computing the transcortation costs per

engine from data obtained from t.he raff Management Of .. 2e

at Wright-Patterson Air Force Base, Ohio. :hese 2oss .ere

compared to the actual transportation costs obtained from

the Traffic Management Office at Kelly Air Force Base, Texas

(4). It was discovered that the actual costs were 99.5 per-

cent of the calculated costs. This difference was attributed

to the rounding of the calculated costs to the nearest dol-

lar. It can then be assumed that the model is very accurate

in reproducing the actual cost of the current system.

In reference to the proposed system, there was no

real system with which to make a comparison. In order to

validate the transportation costs of the total cost model

for the proposed system, Mr. Joe Kelly (11) of Bayonne's

International Transportation Rates Division was asked to

calculate the transportation costs to which the authors'

calculated rates were compared. Bayonne's calculated costs
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were found to be 14.36 percent less than those of the

authors. An investigation indicated that the major differ-

ence in costs was attributel to the *-act that the costs

used at Bayonne were the lowest cost possible in each case,

whereas the authors chose to take an average of several

cost variables quoted by different carriers. Since the

objiective of this study is to determine if th-e proposed sys-

temn is more economical than the current system, the authors

chose to use the higher rates for the proposed system in an

effort to ensure that any error made would be in favor ofl

the current system.

Break-Even Analysis

Break-even analysis is another way to analyze data

for specific planning and controlling purposes. In this

study, break-even analysis was used to determine the most

cost effective way of supporting the required C-130-7

engine demand in Europe. The important usefulness of break-

even points lies in the process of forecasting and control-

ling costs. In itself, a break-even point moves only with

changing conditions and, in moving, flashes a warning. To

ensure follow-through from this warning requires a detailed

control employing the time concepts supporting the break-

even goal, clearly expressed as goals at all management deci-

sion levels.

Figure 2-2 depicts the break-even analysis chart

designed in this study to examine at what point, within a
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fifteen year period, the proposed system will become more

cost effective than the present system.

The items of significance in the break-even chart

are:

1) the break-even point

2) the potential cost savings above the break-even

point

?) variable cost rates as an approximation of

"direct" or out-of-nocket costs (costs which vary with

volume)

Sfixed cost (cost of additional engines)

5) 'tcal cost for present system

6) total cost for proposed system

Sensitivity Analysis

Sensitivity analysis was performed to determine how

sensitive the results of the total cost models were to

changes in the following two key input variables. First,

C-130-7 engine demand was varied at 10 percent above and 10

percent below the baseline rate of 26 engines per year.

Second, the forecasted 14 percent rate of transportation

cost inflation was changed up to 20 percent and down to 8

percent.

In addition, the surface transportation routes were

varied to examine the effects of utilizing alternative ports

of embarkation and debarkation. Finally, in order to better
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assess the costs and benefits of containerization, a surface

transportation system incorporating break-bulk shipping was

investigated. As with the use of 20 and 40 foot containers,

this system required an additional inventory of C-130-7

engines to account for the slower intransit times of break-

bulk v ssels.

Summary

This chapter described the methodology used to

analyze the present and proposed systems involved in this

research effort. A total cost model was developed and used

to study the cost differences between the two systems. As

indicated in this chapter, the majority of data came from

the Traffic Management Office, Kelly AFB, Texas; San Antonio

Air Logistics Center, San Antonio, Texas; and the Traffic

Management Office, Wright-Patterson AFB, Ohio. The actual

transportation costs were calculated from the data obtained

from Kelly AFB and Wright-Patterson AFB and were found to be

99.93 percent accurate. This effort was accomplished in

order to verify the accuracy of the data used and to

increase the reliability of the model and its results.
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CHAPTER III

MODEL MANIPULATION AND RESULTS

introduction

This chapter describes how the total cost models

wee- evelooed for analysis of alternative methods of tnS-

porting C-130-7 engines between the San Antonio Ai:, Logistics

e~ner~at Kelly A 7T, Texas, and the C-130 bed-down base at

Rhein-Main AB, Germany. The chapter begins with a presen-

tation of how the data was collected, analYzed and 'r't-

formei into the total cost models for the two major strate-

gies under investigation. The first strategy represents the

current system of using air transportationt for engin.e move-

ment. The second strategy proposes the use of containers

to move the engines through intermodal surface transporta-

tion systems. For this strategy, both 20 and 40 foot con-

tainer systems are analyzed. Total costs for each of the

major strategies are then compared to determine the most

economical distribution system. The chapter concludes with

a discussion of the sensitivity analysis performed to deter-

mine the effects of changes to demand forecasts, transpor-

tation rates, and transportation routes. Under the sensi-

tivity analysis phase of this research, the use of break-

bulk shipping in lieu of containerization was also investi-

gated.
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Data Analysis

Table 3-1 provides the data parameters necessary to

construct the total cost models. The initial step in ana-

lyzing the data was to establish the average level of cus-

tomer service at Rhein-Main AB, Germany, and the average

inventory levels at the Rhein-Main AB and Kelly Air Forc

Base locations. This was accomplished by analysis of the

average transit time, the minimum inventory levels and the

estimated engine demand for 1982. Assuming j e

rate of 26 engines per year at Rhein-Main AB, and an engine

being ordered from the San Antonio Air Logistics e-ter

Depot every time an engine requires major overhaul a. hen-

Main, an average on-hand level of 14.24 engines was estab-

lished at Rhein-Main under the 2'lrrent air transcrtation

system. The minimum inventory level, i this case, was esti-

mated to be 14 engines. An average inventory level of 49.31

engines was established at the San Antonio Air Logistics

Center at Kelly AFB, also under the current system. The

minimum inventory level at Kelly AFB was estimated to be 49

engines. Figure 3-1 illustrates the iata analyzed to estab-

lish the minimum and average inventory levels for the cur-

rent air transportation system. These levels were then used

to establish the customer service level criteria for the

proposed systems under investigation.

Using the data in Figure 3-2, it was determined that

in order to satisfy the customer service criteria established
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TABLE 3-1

DATA PARAMETERS

Air Rates:

Log Air from Kelly to Tinker 16 cents per pound

MAC from Tinker to Rhein-Main 1.478 dollars per pound

Engine Dimensions in Shipping Container

110 inches long, 46 inches wide, 49 inches high, and
2600 pounds

3.6 measurement tons

Truck Rates:

From Kelly to: Galveston New Orleans Charleston

Break-Bulk 5.84/cwt 4 .17/cwt 9.12/cwt

20' container .89/mile .89/mile .89/mile

40' container .93/mile .93/mile .93/mile

Ocean Rates per Measurement Ton:
Port Handling

From Galveston or New Orleans to Europe: Charges

Break-Bulk $68.57 $44.61

20' container $74 $ 3.76

40' container $58 $ 3.76

From Charleston to Europe:

Break-Bulk $75.77 $44.61

20' container $64 $ 3.76

40' container $52 $ 3.76
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TABLE 3-1 - Continued

Port Handling

Truck Rates per Measurement Ton Charges

From Bremerhaven to Rhein-Main $40.53 $65.56

From Rotterdam to Rhein-Main $27.60 $43.13

Averag-e Travel Times

Air 11 days

Surface 56 days

20 foot container priced at 30 measurement tons

40 foot container priced at 60 measurement tons

Inventory Levels:

Rhein-Main 15 engines

Kelly 50 engines

Engine Cost: $91,000 each

Salvage Value: $15,821 each, after 15 years use
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for the current system, seven additional engines are

required at Kelly AFB and three additional engines are

required at Rhein-Main AB, Germany, when 20 foot containers

and Intermodal surface transuorr :n systems are ',e :cr

C-130-7 engine listritution. When the zrocosed s"sem

employs the use of 40 foot containers and intermoal sur-

face transportation systems, it was etermine'

aiditional engines are needed at toh Kel AF? ?hein-

Main AB, as depicted in Figure 3-3.

Transcortaticn Costs

The next step in the data analysis invoP~ei fetermi-

nation of the annual transpcrtatin 2 sts for the air and

surface transportation system alternatives over the 15 year

period of analysis. Figures 3-L through 3-7 zraun4ally

illustrate the routing networks and transportation rates

for the strategies under investigation. The current air

transportation system, shown in Figure 3-4, involves air-

lift of C-130-7 engines between Kelly APB and Rhein-Main AB,

with an intermediate stop at Tinker AFB, Oklahoma. The

intermediate stop is necessary to interchange engines between

the MAC Tinker-Rhein-Main airlift channel and the Tinker-

Kelly LOGAIR channel. Figures 3-5 and 3-6 provide the inter-

modal surface routing networks and transportation rates

for the 20 and 40 foot movement alternatives, respectively.

It is noted that New Orleans and Rotterdam were chosen as
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the primary seaports of embarkation/debarkation for the pro-

posed system. Figure 3-7 is included to illustrate the

break-bulk surface transportation routes and rates which

will be discussed in the section on sensitivity analysis.

To determine the annual total transportation costs

for the present air transportation system, the costs from

each leg of the selected routes were combined and multiplied

by 52 engines. The engine demand represented a yearly move-

ment of 26 serviceable engines to Rhein-Main AB and a yearly

movement of 26 repairable engines to Kelly AFB. The air

transportation costs were then increased by an annual rate

of 14 percent for each succeeding year, and then discounted

back to 1982 based on end-of-year payments and a 10 percent

discount factor. Table 3-2 illustrates the results of the A

analysis for the air transportation system and shows an

estimated 15 year total cost of approximately $3.92 million

dollars. Since no additional engines are required for the

current air transportation strategy, this figure represents

the total distribution costs for the current system.

The computation of transportation costs for the

proposed systems involving the use of 20 foot and 40 foot

containers was similar to the computation of transportation

costs for the current system. That is, the transportation

rates for each route segment were combined and multiplied by

the yearly engine demand. However, before the annual costs

could be discounted, acquisition costs and inventory carrying
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costs had to be computed since the proposed surface inter-

modal systems involved the addition of engines in order to

provide the same level of customer service as the present

system.

Acquisition Costs

It was determined that 10 additional engines are

needed for the 20 foot container intermodal transportation

system, and 1~4 additional engines are needed for the 140 foot

container system. It was assumed that the acquisition would

take place in the initial year of the study and that the cur-

rent engine cost would remain at $91,000. However, since

the engine life was assumed to be 20 years and since the

study assumed a 15 year time period, each additional engine

bought would have a salvage value for the remainingl five

year useful life. Therefore, the acquisition cost was off-

set by a salvage value.

To compute the salvage value, the first step involved

dividing the engine acquisition cost of $91,000 by 20 years.

This produced a yearly straight line depreciation value of

$14,550 per engine, assuming a zero salvage value at the end

of year 20. Since it was estimated that the C-130 system

would be replaced in 15 years, the next step involved multi-

plying $4,550 times the remaining 5 year useful life. This

resulted in a salvage value of $22,500 per engine. The next

step involved increasing the salvage value of $22,500 by 8
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percent per year for 15 years to account for general price

inflation. The resulting annual cost figures were discounted

back to 1982 present value terms using a 10 percent discount

factor. The entire process then resulted in a salvage value

of $15,821 which was deducted from the $91,000 engine acqui-

sition cost to establish a net acquisition cost of $75,179

per engine in 1982.

The net acquisition cost for the 10 engines needed

for additional inventory for the 20' container system was

then computed as 10 times $75,179, or $751,790. The net

acquisition cost for the 14 engines needed for additional

inventory for the 40' container system proposal was comnuted

as 14 times $75,179, or $1,052,506. To compute total acqui-4

sition costs, a discount factor of 1.00 was applied since

it was assumed that the engines would be bought at the begin-

ning of the study.

Inventory Carrying Cost

As explained in the methodology, the inventory carry-

ing cost per engine was computed at 26 percent of the yearly

depreciation value, based on a 20 year useful life. The

resulting figure was multiplied by 10 or 14 engines, depend-

ing on whether the 20 foot or 40 foot container systems was

being considered; then increased by 8 percent per year to

account for general price inflation; and finally discounted

back to 1982 present value terms.



Total Cost Models

The total cost for the current air transportation

system, over the 15 year period, was previously reported to

be approximately $3.92 million (see Table 3-2). To compute

the total accumulated costs for the proposed intermodal sur-

face transportation systems, the acquisition costs and yearly

transportation and inventory carrying costs were inflated,

discounted, and summed as shown in Tables 3-3 and 3-4. The

models indicate that the current air transportation system

costs are 136 percent greater than the estimated cost of

$1.67 million for the proposed surface transportation system

using 20 foot containers, and 113 percent greater than the

estimated cost of $1.84 million for the proposed surface

transportation system using 40 foot containers. These

results will be further analyzed in the next section.

Break-Even Analysis

In observing the total cost Tables 3-2, 3-3 and 3-4,

it appears that the total costs for the proposed systems are

greater than those of the current system for 1982. However,

when a comparison of the total costs of the proposed and pres-

ent systems is made in year 15 (1996), it is discovered that

the proposed systems produce lower costs. Break-even anal-

ysis was used for the purpose of establishing the point, or

period of time, at which the total costs of the proposed and

present systems are equal. This was accomplished by
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utilizing a break-even analysis graph projecting the total

cost per year of each system over a 15 year time horizon.

The break-even point, at which both the present and proposed

system's cost curves intersect, indicates the point of

equality in total system costs. By drawing a line from the

point of interse'tion ceroendicular to the time axis, we can

indicate the period of time necessary in recovering the cost

from the proposed system which was initially more expensive.

Therefore, if operations are to be limited to the left of

the break-even point, it would be more economical to keep

the current system; however, if operations will fall on the

right side of the break-even point, it would be more eccnomi-

cal to convert to either of the proposed systems.

In accordance with the guidelines soecified in the

above context, a break-even analysis graph was constructed

to determine the point of intersection between the current

system and the proposed 20 foot container system, as shown

in Figure 3-8.

By plotting the accumulated costs factors derived

from Tables 3-2 and 3-3, the resulting break-even point was

estimated to be between the years of 1985 and 1986, or 4.4

years from the proposed system's implementation date. This

reflects a considerable amount of cost savings over the cur-

rent system, when projected out to the 15 year point.

When 40 foot containers are used, the break-even

point tends to shift itself to the right due to the higher
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Fig. 3-8. 20' Container and Current System Break-

Even Analysis
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fixed costs associated wfth the larger container. This is

shown in Figure 3-9, using data derived from Tables 3-2 and

3-4.

Sensitivitz Analysis of the Results

An analysis of model sensitivity was performed on

four separate parameters I -, this study. Specif'cally,

sensit -':i, anal'-sis ..,r-ed chani-:n- er-.ine jemand the

.arious rates, surface routin7 and surface transoortation

modes. Each f these :a :eteus .;il te isussed, with

resoect to total costs over the 15 year study1 period.

Changes in Demans.

The expected demand of 2t J- encines was varied

by a constant figure <s and minus percent, to deter-

mine how the change in jemand will effect the system's

total cost. The resulting figures were then rounded to the

ne:ct whole number, indicating an increase of engines at

plus 10 percent and a decrease of 2 engines at minus 10 per-

cent (see Figures 3-10 through 3-13). The resulting tabula-

tions are presented in Tables 3-5, 3-6 and 3-7. The tables

show that when the expected demand dropped to 24 engines,

the current system cost was found to be $2,017,208, or 126

percent greater than the system being proposed using 20 foot

containers and $1,916,512, or 112 percent greater than when

40 foot containers are used. By increasing the demand to 29

engines, the resulting current system cost was $2,532,419,
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Fig. 3-9. 40' Container and Current System Break-

Even Analysis
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or 137 percent greater than the proposed system using 20

foot containers and $2,377,364, or 119 percent greater than

when 40 foot containers are used.

Chan es in Rates

The next step in the sensitivity analysis involved

the evaluation of differences in total costs that wouild

occur if the -r*c :ation costs ;ere increased to an

annual inflation rate of 20 percent as opposed to the esti-

mated 14 oercent. *_.n= the estimated 14 oercent as a base,

the annual inflation rate was also decreased to 8 percent in

arriving at the amount of change in total transportation

costs. The resultin total costs, as described in Tables

3-8, 3-9 and 3-10, indicated that a 20 percent transporta-

tion cost inflation factor would result in a current system

cost of $3,890,977, or 189 percent greater than the system

being proposed using 20 foot containers and $3,808,693, or

176 percent greater using 40 foot containers. In using an

8 percent inflation factor, the resulting cost of the pres-

ent system was $1,247,296, or 88 percent greater than the

proposed system using 20 foot containers and $1,013,103, or

61 percent greater using 40 foot containers.

Changes in Surface Routing Structure

A total of five additional surface routes were con-

sidered. The total costs tabulated for each of the five

surface routes were used in comparison with the estimated
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total cost of the airlift route structure, in the following

arnner.

-. elv-3alveston-Rotterdam-Rhein-Main

As presented in Table 3-11, the resulting cost using

e :urrent route s"ructure was calculated to be $2,321,549

or 1 45 percent greater than the proposed route using 20 foot

containers and $2,116,525 or 117 percent greater than when

40 foot containers are used.

2. Kelly-Charieston-Rctterdam-Rhein-4ain

-able 3-12 shows that the total cost of the current

route woul be $2,183,572 or 125 percent more than the pro-

posed route when 20 foot containers are used and $2,116,525

or 117 percent greater than when the use of 40 foot con-

tainers is considered.

3. KellY-New Orleans-Bremerhaven-Rhein-Main

Resulting costs of the airlift route structure were

calculated to be $2,142,796 or 120 percent more than the

proposed route using 20 foot containers and $1,951,921 or

99 percent greater using 40 foot containers, as depicted in

Table 3-13.

4. Kelly-Charlestn-Bremerhaven-Rhein-Main

Table 3-14 describes the resulting costs associated

with this routing structure. It shows that the engine ship-

ment costs, using the current route, would be $2,065,402

or 111 percent greater than the proposed system when using

20 foot containers. If 40 foot containers are used for
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shipments over the same route, a cost of $1,916,914 would be

incurred or 95 percent greater than the proposed system.

5. Kelly-Galveston-Bremerhaven-Rhein-Main

The results in Table 3-15 show that the cost for

shipment over the current route would be $2,204,508 or 128

percent more than the proposed route using 20 foot cargo con-

tainers and $1,984,151 or 102 percent more than when 40 foot

containers are used.

Break-Bulk Surface Movement

An evaluation of the costs associated with break-

bulk versus containerization was also accomplished. These

costs were computed using the six previously discussed sur-

face routes examined in this study. Figure 3-14 shows the

requirement for additional engines. Tables 3-16 through

3-18 show calculations of total break-bulk costs for each

route. Table 3-19 indicates that break-bulk is cheaper

than 20 or 40 foot container systems. These results will

be discussed further in the summary and in Chapter IV.

Summary of Results

The final results obtained from this study clearly

indicate that the new systems being proposed will be more

cost effective than the current system ncw being used. Even

with the acquisition of the additional C-130-7 engines to

maintain a satisfactory level of customer service, the pro-

posed intermdal surface transportation systems will yield a
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cost savings of 136 percent with 20 foot containers and 113

percent using 40 foot containers. The break-even analysis

indicated that the cumulative costs of the proposed inter-

modal surface transportation systems would be less than the

current air transportation system in 4.4 years, using 20

7oot containers, and in 6.1 years using 40 foot containers.

Sensitivity analysis was performed in order to ana-

lyze the effects of changing the transportation rate infla-

tion factor used in calculating the transportation costs

of the current and proposed systems. When an equal increase

in the inflation rate percentage was applied, the cost sav-

i_-s of the proposed systems appeared to be greater than

-he base 14 percent inflation factor. In this case, a 20

cercent increase in transportation rates was used. When the

transportation rates were reduced to an inflation factor of

3 percent, the savings appeared to be minimized.

When the surface routing structure was varied, the

total transportation costs of the intermodal systems changed.

However, in each of the six routes evaluated, the surface

transportation systems produced a considerable cost savings

over the currently used air routing structure.

Changes in demand also resulted in a positive rela-

tionship to savings. A comparison between break-bulk and

containerized shipment, using surface modes, showed that

break-bulk shipments were more economical than containeri-

zation. However, break-bulk shipment will not be
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recommended for reasons which will be discussed in Chapter

IV.
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CHAPTER IV

CONCLUSIONS AND RECOMMENDATIONS

Ini-roduct ion

Table 4-1 was developed to illustrate the total cost

of' the system now being used for the shipment of C-130-7

engines from Kelly AFB, Texas, to Rhein-Main AB, Germany.

it also presents cost comparisons between the currently used

system and the proposed systems that involve the use of 20

foot or 40 foot containers. These results clearly show

that by implementing either of the proposed systems in 1982,

total costs would be less relative to the current system.

In addition, the proposed systems include an increase in

inventory stock levels which would allow for readily avail-

able assets in response to a contingency or major exercise.

In acquiring the specified number of additional engines, the

initial cost outlay will be recovered by the fifth or seventh

year, as determined by the use of break-even analysis. Any

period thereafter will produce additional savings.

Concerning the subject of break-bulk shipments, the

authors strongly feel that the non-economic advantages real-

ized by the use of container systems far outweigh the cost

advantage of break-bulk shippi- found in this research.

Containers are widely used in contrast to break-bulk
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TABLE 4-1

SUMrmARY OF TOTAL COST BY

Air

(Non-cor cainerlzei',

initial Demand (26 engines) $3,92 ,180

101 Increase in Demand (58 engines) $4,375,092

1" :ecrease in Demand (48 engines) $3,6.22,322

20% Increase in Transport Costs $5,953,702

80 Increase in Transport Costs $2,66,--Q1

Surf'ce

Engines

20' Containers Added

initial Demand (26 engines) $1,66 5,068 10

1003 Increase in Demand (58 engines) $1,842,73 11

10% Decrease in Demand (48 engines) $1,605,112 i0

200 increase in Transport Costs $2,062,725 10

800 increase in Transport Costs $1,417, 295 10

Surface- No. of

Engines

40' Containers Added

initial Demand (26 engines) $1,840,520 14

10% Increase in Demand (58 engines) $1,997,728 15

10% Decrease in Demand (48 engines) $1,705,808 13

200 Increase in Transport Costs $2,145,009 14

8% Increase in Transport Costs $1,651,488 14
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shipments in international distribution of various 2o.rnodi -

ties, especially when water movements are part of the trans-

portation network. The following points are made to justify

the use of intermodal container systems:

1. Containerized loads offer a decrease in port

handling time. In handling the C-130 engine, on an i

ual basis, there is a decrease in environmental rotecaion,

cargo security, and flexibility of its intramodal potential.

Further, utilizing the container, cost -riuct ons in h1an-

fling can be realized.

-. 3onainerizatlon offers a reduction in :aro

turn-around time. In reducing the amount of hand!ln t..

associated with containerization, cargo can be transferred

to other modes of transportation In a tlmel-: and e-ffcient

manner.

3. Containers provide temporary storage faci 7 itle s .

Containers are able to serve as temporary storage facili-

ties at ports, terminals and bases, where warehousing space

may be limited.

4. Reduction in the number of orders placed. As

indicated by this study, containerization reduced the number

of orders required by 75 percent, using 20 foot containers,

and by 87.5 percent using 40 foot containers. A reduction

in cargo documentation will be experienced because the con-

tainer becomes a single item in the system, thus requiring

documentation of the container, instead of its contents.
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5. Labor costs in freight handling are reduced due

to the increased use of automated material handling equip-

ment.

6. Finally, containers are available in a variety

of sizes, many of which are standardized for intermodal use.

It should be noted that one of the reasons that

break-bulk shipping had less total costs than the container

modes was that only 5 percent of the available container

volume is used when transporting engines. Since -ontainer

tariff rates are based on the container and not the contents,

low utilization results in a high transportation cost per

engine. It is recommended that studies be conducted to

develop ways to put more engines in each container in order

to drive down the transportation cost per engine. This and

other recommendations for further research will be presented

in a later section.

As a result of this study, the use of 20 foot con-

tainers appears to be more economically feasible than the

40 foot container. While the actual transportation costs

for the 40 foot container is -omewhat less than the 20 foot

container's transportation costs, acquisition costs neces-

sary in obtaining the additional engines is substantially

more when the 40 foot containers are used. This additional

cost should be weighed against the advantages of having

the additional engines and should be considered before
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making any major decisions between the use of either type of

container.

Recomnendations for Further -tudyi

-he forecasted irco.ein --

costs will impact the way of doing businesz and leads to

the neei for reevaluatfnE all phases of 'ran.:zreatlon car-

ninz for oeace time ane

the increased use of conta--.erIzation proce'ures, for all

co=modlties of cargo, has reated a new --,<-i.n tha

requires further research in determining the most economical

means of implementing container systems.

:n hopes of improving the efficien2< and effecti4 e-

ness of our transportation network, the authors offer a

series of additional recommendations for further research.

.t is recomrended that a feasibility study te

done in the design and development of racks to be installed

inside the containers to allow stacking capability for

engines and other DOD major investment type items. This

will allow for additional engine shipments, at no additional

cost to DOD. It is noted that only 4q percent of each con-

tainer is presently being used.

2. A limitation that may affect the amount of sav-

ings is the cost of engine damage if containerization is

used. Since the proposed system is not in use, at this time,

there was no means of obtaining cost-of-damage data, for a
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satisfactory comparison to the current system. Therefore,

it is recommended that a cost study be done to determine

damage cost data, which would then be added as a component

to the total cost model for further analysis.

3. An area of concern, which may assist in cutting

excessive transportation and fuel costs, 3 depot level

ma-ntenance to be performed in the European theater. It Is

re commended that a feasibility cost study be done on the

construction of consolidated maintenance facilities in over-

seas locations. This would minimize the need for pieline

inventory and reduce total transportation costs to an abso-

lute minimum. In essence, the DOD should research the size

of the overseas maintenance facilities necessary to maxImize

economies of scale while providing the necessary support

required.

4. The question of whether to lease or buy the

number of containers necessary to support the shipment of

the C-130 engines from CONUS to Europe should be investi-

gated. A cost analysis should be performed in determining

the total cost to acquire the necessary number of containers

and the total cost of leasing. Break-even analysis should

then be performed in determining a pay-off factor between

the two concepts.

5. The final recommendation for further research

concerns an investigation of the impact of using container

systems on the MAC airlift system. That is, this study was
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limited to an economic analysis to determine the least total

cost system of moving C-130-7 engines between the CONUS and

Germany. If containerships are used, there will be less

traffic for the MAC airlift system to handle. The impact

of this change on the use and readiness of the airlift sys-

tem would have to he investigated.

Conclusion

The essence of this research involved a trade-off

analysis between using a distribution system with premium

transportation and no additional inventory versus a distri-

bution system with surface transportation and additional

inventory. This trade-off analysis is generally illustrated

in textbooks as shown in Figure 4-1 (6:31).

However, the quantitative analysis conducted as part

of this research effort indicates the shape of the total

cost curves to be more like those shown in Figure 4-2. This

figure indicates that surface transportation systems, coupled

with additional levels of inventory, result in lower total

costs when transportation costs increase at a faster rate

than general prices.

Based on the results of this study, it is concluded

that the proposed system, using either 20 foot or 40 foot

containers, would be more economical than the continued use

of air transportation for C-130-7 engine movement to and

from Rhein-Main AB, Germany.
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Total Costs

Distribution Transportation
System Cost s

Inventory Costs

High Inventory Low Inventory
Surface Transportation Air Transportation

Fig. 4-1. Distribution System Cost FIelationships

Total Costs

DistibutionTransport at ion
SystemCot
Costs

Inventory Costs

High Inventory Low Inventory
Surface Transportation Air Transportation

Fig. 4-2. Distribution System Cost Relationships
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